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Method and device for filtering a video signal received by a secondary 
radar, particularly in order to eliminate mode S replies 

The invention relates to a method and a device for filtering a video 
signal received by a secondary radar, in particular for eliminating the mode S 
responses. 

A secondary radar (also known as an interrogator radar, 
surveillance radar or SSR - the acronym standing for the expression 
"Secondary Surveillance Radar") is a device which dispatches a train of 
electromagnetic pulses containing an interrogation message. The 
interrogation message is intended for transponders (also known as radar 
responders) installed in carrier vehicles such as aircraft or ships. When a 
transponder is in the emission lobe of the secondary radar, it receives the 
interrogation message. It emits in return a train of electromagnetic pulses 
containing a response message. The response message, intended for the 
secondary radar, can contain data identifying the carrier vehicle. 

The interrogation and response messages are coded according to 
determined protocols. In the field of civil aviation, protocols called modes A, 
B, C and D are conventionally used for air surveillance. These protocols are 
defined by the standard of the ICAO (the acronym standing for "International 
Civil Aviation Organization"). For military surveillance, protocols called modes 
1, 2, 3 and 4 are used. The mode A protocol is identical to the mode 3 
protocol. Modes 3/A and C are used for air traffic control. 

In mode A, the aircraft (carrier vehicles) are identified by a discrete 
code. A code of four digits that are strictly less than 8 (coded on 12 bits) is 
assigned to each aircraft, these codes being reassignable. The number of 
different codes is 4096. There may be a conflict if two aircraft with the same 
code are situated simultaneously in the emission lobe of a secondary radar. 

With the increase in air traffic, the conventional protocol of 
secondary radars is no longer suitable : 

- the risk of a conflict is too significant ; 

- responses of two aircraft situated at one and the same distance from the 
secondary radar may overlap (synchronous overlap); and 

- a secondary radar may receive responses from an aircraft, made in 
response to the interrogations of another secondary radar (asynchronous 
responses or "fruit"). 
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In order to solve these problems, the ICAO has defined a protocol 
called mode S. In this protocol, the identification codes are coded on 24 bits, 
thereby making more than 16 million different identification codes. Moreover, 
mode S relies on a procedure of selective calling which consists in 
5 interrogating a single aircraft (fully identified) at a time. Hereinafter in the 
description, the conventional interrogations and responses will be designated 
by SSR interrogations and responses. 

The implementation of the mode S protocol requires the 
replacement of existing transponders with transponders of a new type. The 
10 existing transponders being unable to be replaced simultaneously, the new 
secondary radars (capable of interrogating in mode S) are compatible with 
conventional transponders. For this purpose, the mode S secondary radars 
also interrogate on conventional modes (SSR interrogations) between mode 
S periods. 

15 The shape of the pulses of the mode S responses being identical 

to those of the SSR responses, some of the pulses forming a mode S 
response may be regarded wrongly as an SSR response by a secondary 
radar. This can lead to false detections or to saturation of the processings in 
a secondary radar operating in conventional mode. It may be desirable then, 

20 when seeking to detect SSR responses, to filter the pulses received during 
the whole duration of a mode S response. 

However, a mode S response may overlap SSR responses, even 
if the aircraft responding in conventional mode are situated at different 
distances. Specifically, the mode S interrogations and responses are much 

25 longer than the SSR interrogations and responses. By filtering the pulses 
during the whole duration of a mode S response, SSR responses are also 
filtered. 

An aim of the invention is to filter the pulses corresponding to the 
mode S responses, while making it possible to detect SSR responses. 
30 According to the invention, when a mode S response is present, the pulses 
are filtered, except those that may correspond to SSR responses of larger 
power than the mode S response. 

Patent FR 2 692 995 entitled "Method and device for recognizing 
pulses and use for the filtering of the mode S responses of a secondary 
35 radar", discloses a method for filtering mode S response. However, this 
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method has limitations since it requires the detection and the recognition of 
pulses. 

In order to filter mode S responses without the limitations of the 
prior art, the subject of the invention is in particular a method for filtering a 
5 video signal, the video signal being received by a secondary radar, the 
filtering being designed to precede the detection of SSR responses, the 
received signal comprising samples intended to be analyzed according to the 
method, in which method for a sample under analysis : 

- at least one instantaneous power of the received signal is estimated, the 
10 power being estimated on the basis of determined signal samples, said 

samples at least leading or lagging by a duration greater than a duration T 
with respect to the sample under analysis, the duration T being the 
duration of an SSR response ; 

- a threshold is determined, the threshold being at least equal to the 
15 estimated power ; 

- if the power of the sample under analysis is less than the threshold, the 
sample is filtered. 

The invention has the advantage of using processings that are 
simple to implement, which tailor it to the constraints of real time execution. 
20 Moreover, it can be implemented in an analog manner, by using simple 
devices such as delay lines, comparators, etc. 

The invention also has the advantage of making it possible to 
estimate the power of a response to be filtered (mode S) without necessarily 
having clear pulses. Specifically, the invention makes direct use of samples 
25 of signals, and not pulses. Thus, the invention can be applied even when 
responses to be filtered are polluted by multipaths. 

The invention can be applied without ever recognizing an SSR 
response or a mode S response, by virtue of the use of the samples and of 
the specifics of the standards of the SSR and mode S signals. It makes it 
30 possible in particular : 

- to eliminate mode S responses, undetectable in the guise of mode S 
response (multipath interferences, temporal overlap with other 
responses...), but which would constitute significant pollution for a 
secondary radar operating SSR mode ; 
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- to preserve the pulses of the SSR mode responses, even if these 
responses are not detected in the guise of SSR responses. 

Thus, the invention separating filtering from detection, it is possible 
to perform separate tuning, including optimization of filtering and of detection. 
5 Other characteristics and advantages of the invention will appear 

on reading the following detailed description presented by way of nonlimiting 
illustration and given with reference to the appended figures, which 
represent : 

- figure 1 , an SSR response (modes A and C) ; 
10 - figure 2, a mode S response ; 

- figure 3, an example of the start of a message of a mode S response ; 

- figure 4, a schematic of an exemplary method according to the invention ; 

- figure 5a, an exemplary log sigma video signal ; 

- figure 5b, the result of a peak threshold carried out over 1 .6 \is of the log 
15 sigma video signal represented in figure 5a ; 

- figure 5c, the result of a sliding average over 4 samples of the signal 
represented in figure 5b ; 

- figure 5d, a threshold formulated on the basis of the signal represented in 
figure 5c ; 

20 - figure 5e, the result of a filtering according to the invention applied to the 
log sigma video signal represented in figure 5a. 

We now refer to figure 1 in which is represented a mode A or 
mode C SSR response. An SSR response is made up of a train of pulses. 

25 The pulses of this train have a standardized width of 0.45 jxs. Two framing 
pulses Fi, F 2 , separated by 20.3 \is are emitted at the start and at the end of 
the SSR response. Message pulses are emitted between these two framing 
pulses. The presence or the absence of a message pulse at a determined 
position makes it possible to code for a binary value 1 or 0. In the mode A 

30 responses, a last pulse called SPI (the acronym standing for the expression 
"Special Pulse Indicator") may be emitted 4.35 jis after the last framing pulse 
F 2 . Refer to the ICAO standard (International Civil Aviation Convention - 
annex 10 - volume IV) for further information on SSR responses. 

We now refer to figure 2 in which is represented a mode S 

35 response. The mode S response comprises a preamble PRE and a message 
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MES. The preamble comprises four pulses emitted at positions determined 
by the ICAO standard, to which the person skilled in the art may refer. The 
preamble is followed by the message MES. The message MES makes it 
possible to code n binary values, referenced Bi, B2 ... B n . According to the 
5 type of response (short or long), the number of binary values n may be 56 or 
112. The coding used is a position coding. Stated otherwise, a pulse is 
emitted for each binary message value, the position of this pulse at the start 
or at the end of a period making it possible to code for a binary value 1 or 0. 
The preamble and message pulses have a standardized width of 0.5 us. 

10 Each binary value of the message is coded over a period of 1 [is. Thus, the 
message of a mode S response occupies 56 or 1 1 2 ps. 

We now refer to figure 3 in which is represented an example of the 
start of a message of a mode S response. In this example, the first binary 
values B1 to B 6 are respectively 0, 1 , 1,0,0, 1 . The maximum time during 

15 which no pulse is emitted occurs when a value 0 follows a value 1 (between 
B 3 and B 4 ). This time is 1 \is. 

We now refer to figure 4 in which is represented an exemplary 
implementation of the invention. 

The invention makes it possible to process a video input signal S1 

20 of a secondary radar receiver. This signal may be analog or digital. The 
method is described applied to a digital signal. The signal S1 may be a signal 
amplified by a logarithmic amplifier, a signal conventionally referred to as a 
log video signal. The signal S1 may arise from any channel of the radar. For 
example the method may be applied to the channel conventionally referred to 

25 as the sigma channel. This radar channel delivers a video signal 
representative of the amplitude of the signal received in the main reception 
lobe of the antenna. An exemplary signal S1 is represented in figure 5a. 

Advantageously, the method according to the invention is applied 
in parallel and independently to another radar video signal (not represented). 

30 This other signal may arise from a channel conventionally referred to as the 
delta channel. The signal on the delta channel is representative of the 
angular deviation between the Radioelectric axis of the antenna of the radar 
and the position of the transponder in the lobe of the antenna. The sigma 
channel makes it possible to distinguish two signals of different powers. The 

35 delta channel makes it possible to distinguish two signals of the same power 
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(for example when there is synchronous overlap, also known by the name of 
synchronous "garbling"), but whose transponders exhibit a deviation in terms 
of azimuthal position in relation to the secondary radar. This azimuthal 
deviation is then transformed into a power deviation on the delta channel, 
5 according to the transfer function of the antenna. 

The input signal. S1 is used to estimate, during a step T1, its 
instantaneous power. This estimation is carried out on the basis of 
determined samples of the signal S1 . These samples at least lead or lag by a 
duration greater than a duration T with respect to the sample under analysis, 

10 the duration T being the duration of an SSR response. The duration T may 
be of the order of 24.6 [is (that is to say 20.3 jis for the duration of a 
conventional SSR response plus 4.35 jas to take account of the possible 
presence of an SPI pulse). 

Thus, if the sample under analysis is an SSR response sample, 

15 the samples used to determine the instantaneous power are not part of this 
response. This makes it possible to prevent the samples of SSR responses 
that one is seeking to detect from contributing to the determination of the 
instantaneous power. 

Given that the method is intended to be used in real time, it is not 

20 possible to apply a negative delay directly in order to use samples that lead 
with respect to the sample under analysis. A delay is therefore applied, 
during a step T3, to the samples under analysis so as to obtain a delayed 
signal SV lagging with respect to S1. The delay applied to S1 to obtain SY is 
at least equal to T. For example, a delay substantially equal to T may be 

25 applied. 

We now describe an advantageous embodiment of the invention 
for step T1. This step T1 may comprise steps T11, T12, T13, T14 as 
described hereinafter. 

During a first optional step T11, the peak value of the signal 
30 samples S1 received over a duration x is determined. The duration x is at 
least equal to the sum of the duration of a pulse and of the maximum 
duration of absence of signal in a message of a response to be filtered. 
When seeking to filter mode S responses, the maximum duration of absence 
of pulse in a message of a response is 1 \is. A message pulse has a duration 



of 0.5 ns. Consequently, the duration x is at least equal to 1.5 ns. For 
example, the duration x may be 1.6 jas. 

During step T11, there is a need to analyze samples received 
during a time window with a duration x. This induces a delay in the 
processing chain equal to x/2 with respect to the sample under analysis, if 
one wishes the sample under analysis to be at the center of the window. In 
order to take account of this delay, a delay x/2 can be added to the sample 
under analysis. Stated otherwise, a delay x/2 (not represented) can be 
applied to the signal SV if step T1 1 is carried out. 

Step T1 1 may be applied in a continuous manner to the signal S1. 
It is for example possible to apply it at the sampling speed of the signal S1, 
for example at intervals of 50 nanoseconds. One thus obtains a signal S2, as 
represented in figure 5b. According to an embodiment, the signal S2 is 
undersampled, generating fewer samples. 

Step T11 makes it possible to ensure, when a response to be 
filtered is present, that each signal sample S2 is representative of the power 
of a pulse. The use of samples of low level, corresponding to an absence of 
pulse, is thus avoided. In the presence of a response to be filtered, the signal 
S2 is representative of the instantaneous power of the pulses of the 
response. 

During a second optional step T12, an average is calculated over 
several samples of the signal S2. This average may be calculated over four 
samples of the signal S2 for example. Advantageously, these samples of the 
signal S2 are chosen in such a way that the signal samples S1 on the basis 
of which they were formulated are distinct. Stated otherwise, during step T12 
the average of several successive peak values is determined, the successive 
peak values being at least separated by the duration x. By "successive" is 
understand values taken in a sequence with a determined interval 
(corresponding at least to the duration x) among the samples of the signal 
S2. A signal S3, as represented in figure 5c, is thus obtained. 

During step T12, there is a need to analyze samples received 
during a time window with a duration 4xx. This induces a delay in the 
processing chain equal to 2xx with respect to the sample under analysis, if 
one wishes the sample under analysis to be at the center of the window. In 
order to take account of this delay, a delay 2xx can be added to the sample 
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under analysis. Stated otherwise, a delay t/2+2xt (not represented) can be 
applied to the signal SV if steps T1 1 and T12 are carried out. 

The optional step T12 makes it possible to smooth any signal 
spikes that may occur in the case of so-called multipath interference. 

5 The samples used to estimate the instantaneous signal power 

lead with respect to the sample under analysis. It is possible to also use 
samples that lag with respect to the sample under analysis. For this purpose, 
a delay can be applied during an optional step T1 3. This delay is equal to the 
delay applied in step T3 (that is to say T in this example), to which is added 

10 an additional delay at least equal to T. For example, a delay substantially 
equal to 2xT can be applied during step T13. One then obtains a signal S3', 
delayed with respect to S3. During a step T14, the signals S3 and S3' are 
combined. One then obtains a signal S4 (arising from the combination), in 
which samples that lead and that lag with respect to the sample under 

15 analysis have been used at one and the same time. 

Of course, if the optional step T12 is not applied for example, it will 
be understood that the same processing may be carried out by substituting 
the signal S2 for the signal S3. 

Step T14 in the course of which the signals S3 and S3' are 

20 combined may consist for example in delivering a signal S4 equal to the 
maximum of the two signals S3 and S3'. By taking the maximum value of the 
two signals, edge effects are avoided when the sample under analysis is at 
the start or at the end of the message of the mode S response to be filtered. 
When one is at the start of the response to be filtered, the signal S3' will be 

25 based on samples situated outside the response (delayed samples, hence 
that lag behind the sample under analysis) while the signal S3 will be based 
on samples situated in the response (samples that lead, hence are in 
advance of the sample under analysis). Conversely, when one is at the end 
of the response to be filtered, the signal S3 will be based on samples situated 

30 outside the response, while the signal S3' will be based on samples situated 
in the response. Consequently, at least one of the two signals S3 or S3' is 
based on samples situated in the response to be filtered. By taking the 
maximum of the two signals, the signal based on samples of the response to 
be filtered is preserved. 



9 



. Thus, on completion of step T1, that is to say of steps T11, T12, 
T13, T14 in the embodiment described hereinabove, a signal S4 is available 
which is an estimate of the instantaneous power of the signal received 
corresponding to the response to be filtered. If the sample under analysis is a 

5 sample of an SSR response, the delays used (steps T13 and T3) avoid 
influencing this estimate through samples of said SSR response. 

Thereafter, during a step T2 a threshold S5 is determined, this 
threshold S5 being at least equal to the estimated power S4. The threshold 
S5 may be a signal formulated by adding a constant value to the signal S4 or 

10 a value proportional to the signal S4. This value may be parametrized as a 
function of the signal-to-noise ratio of the signal S1 . It is for example possible 
to add 4dB to the signal S4 to obtain S5. One thus obtains a signal as 
represented in figure 5d. 

During a last step, the signals SV and S5 are compared. If the 

15 power of the sample under analysis S1' is less than the threshold S5, the 
sample is filtered. Otherwise, the signal sample S1' is transmitted to the 
video processings T5 of the SSR responses. One thus obtains a signal S6 as 
represented in figure 5e. 

When the invention is applied in parallel to the sigma and delta 

20 channels, an OR is advantageously carried out after the method according to 
the invention between the signals arising from each channel. Thus, if an SSR 
response does not have a sufficient level to stand out from the message of 
the response to be filtered on a channel (below 4 dB of the power of the 
mode S response in this exemplary embodiment), it may have a higher level 

25 on the other channel. More SSR responses can thus be transmitted. 

Of course, the invention is not limited to the processing of mode A 
or C responses. It applies also to the processing of mode 1 or 2 responses, 
which have similar structures. It applies also to the processing of mode 4 
30 responses (STANAG 4193 standard), whose structure is different. 



